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Introduction
Globally, an estimated 38.4 million people were living with HIV (PLWH) in 2021, of which 
1.5  million people became newly infected.1 In addition, 650  000 deaths from AIDS-related 
illnesses were reported.2 Of PLWH, only 28.7 million (74.7%) accessed antiretroviral therapy 
(ART) in the same year, despite effective HIV treatment and tools to prevent, detect and treat 
opportunistic infections.1,3 In 2021, women and girls accounted for 63% of all new HIV 
infections in sub-Saharan Africa,1 with adolescent girls (AG; 15–19 years) and young women 
(YW; 20–24 years) accounting for 25% of new HIV infections, while only representing 10% of 
the population.4 Six out of seven new HIV infections among adolescents are among girls.1,2 

Girls and young women aged 15 to 24 years are twice as likely to be living with HIV than 
young men of the same age.1,2 

South Africa has the largest HIV epidemic globally with an estimated 7.5 million PLWH in 2021 
and a national prevalence of 18.3%.5,6 The ART clinical guidelines for the management of HIV 
recommend that all PLWH are eligible to start ART, irrespective of CD4 count.7 As a baseline 
investigation, CD4 testing is required to identify eligibility for cotrimoxazole prophylaxis as 
well as screening for cryptococcal antigenaemia.7 CD4 count should be monitored for 
patients  with virological failure at six-monthly intervals (HIV viral ≥  1000  copies/mL).7 

For women aged  15 to 49 years, a national prevalence of 24.5% is reported compared to 12.1% 
for men.8 Of the 210 000 new infections in 2021, the majority were in women aged 15–49 years 
(n = 130 000, 61.9%).8 A national prevalence of 9.1% was reported for young women (YW) and 
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3.0% for young men (defined as ages 15 to 24 years).8 

Furthermore, knowledge about HIV prevention among YW 
in 2021 was only 46.1%.8 Ninety-five percent of people at 
risk of HIV infection should have access to an appropriate, 
prioritised person-centred and effective combination of 
prevention strategies. In addition, 90% of adolescents and 
young people should receive comprehensive sexuality 
education. HIV incidence has remained largely unchanged 
in the highest-burdened communities in South Africa.9,10 

Given that adolescent girls and young women (AGYW) 
primarily acquire infections from older men who are often 
unaware of their HIV status and less likely to be on ART, the 
minimal decrease in HIV incidence in this sub-population in 
South Africa is not surprising.10,11,12,13 It has been reported 
that sexual partnering between young women and older 
men is  a key feature of the sexual networks driving HIV 
transmission.8,11 

The majority of PLWH in South Africa are aware of their 
status (94% based on 2021 estimates), but are diagnosed in 
later stages of HIV infection.6,14 Advanced HIV disease is 
defined as a CD4 cell count < 200 cells/µL and is associated 
with higher mortality rates due to opportunistic infections 
such as tuberculosis and cryptococcal meningitis.15 A local 
study in three high-burden districts in the Mpumalanga, 
KwaZulu-Natal and Gauteng provinces, which assessed late 
presentation for newly diagnosed HIV-positive individuals, 
reported that men, non-pregnant women and those accessing 
care in facilities located in townships and inner cities were 
more likely to present late for HIV care.14 HIV-positive 
individuals presenting late for care have an increased risk of 
mortality, as high as 40% of all AIDS-related deaths.14 Using 
national laboratory data, Carmona et al. reported that 
between 2005 and 2011, the proportion of patients entering 
into care with a CD4 count <  200  cells/µL declined from 
46.8% to 35.6%.13 In contrast, from 2011 to 2016, the proportion 
of patients entering ART with advanced HIV disease 
remained relatively unchanged, ranging from 32.9% to 
34.8%.13 The same study reported that for women seeking 
care, the proportion with CD4 <  200  cells/µL varied from 
42.8% in 2005 to 26.5% by 2016.13 The study findings indicated 
gender disparity in late presentation between the years 
reported.13 

Local studies reported that 5.4% of specimens from AGYW 
reported a CD4 count < 100 cells/µL for the 2019 calendar 
year in South Africa, defined as very advanced HIV 
disease.12,13,16 There is thus a real need for better monitoring 
of very advanced HIV disease, especially in a sub-
population such as AGYW, already with a higher risk of 
infection due, in part, to risky behaviour resulting in high 
rates of teenage pregnancies.17

There is a lack of data and awareness about AGYW 
living  with HIV. Furthermore, there is limited data for 
advanced HIV disease for AGYW. This study, using CD4 
laboratory data for the period 2017 to 2021, aimed to 
describe very advanced HIV disease in AGYW.

Methodology
Context
Data are reported for testing performed by the National 
Health Laboratory Service (NHLS), with a mandate to 
provide laboratory services for public sector health facilities 
across South Africa.18 It has 268 laboratories across the nine 
provinces and serves approximately 80% of the South 
African population.18 CD4 testing is decentralised to 49 out 
of 268 laboratories within the NHLS and is based on 
an integrated tiered service delivery model.18,19,20 

Study design
The retrospective descriptive study design was used to 
analyse secondary laboratory CD4 data for the 2017 to 2021 
calendar years. The sample population studied included AG 
(15–19 years) and YW (20–24 years) presenting for CD4 
testing. Data were extracted from the Corporate Data 
Warehouse (CDW) of the NHLS.

Data preparation
The following variables were provided in the extract: (1) 
unique patient identifier, (2) episode number, (3) age (in 
years), (4) ethnicity, (5) health facility, (6) province, (7) 
result reviewed date and (8) CD4 count value. An episode 
number is a unique identifier used within the laboratory 
information system to link specimens to a patient visit. For 
this work, the extract was restricted to women aged 15 to 24 
years. The result reviewed date was used to extract the year 
and month of testing. Age in years was captured on the 
laboratory request form by the healthcare worker and 
recorded in the laboratory information system. The 
following age categories were assigned: (1) 15–17 years, (2) 
18–19 years, (3) 20–22 years and (4) 23–24 years. Data were 
categorised as either AG or YW using the captured age (in 
years). The CD4 count was categorised as follows: (1) 
≤ 10 cells/µL, (2) 11 cells/µL – 29 cells/µL, (3) 30 cells/µL 
– 49 cells/µL, (4) 50 cells/µL – 99 cells/µL and (5) ≥ 100 cells/
µL. The CDW developed a unique patient identifier 
generated by a probabilistic matching algorithm that 
includes fuzzy logic matching.21,22,23 This algorithm uses the 
patient’s first name, last name, date of birth, gender, and 
hospital folder number for matching.24 In the data set, a 
patient might have had more than one test performed 
during the study period. The aim was to indirectly 
determine the extent and timeframe of, specifically, very 
advanced HIV disease. Therefore, data were categorised as 
< 100 cells/µL and ≥ 100 cells/µL. Data were prepared and 
analysed using SAS statistical software (Version 9.4, Cary, 
North Carolina, United States [US]). The logistic regression 
was conducted using STATA SE (STATA Corp., College 
Station, Texas, US).

Statistical analysis
A decision tree was used to depict the number of 
specimens with  a CD4 count < 100 cells/µL, with the 
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median indicated for AG and YW. Annual test volumes 
for AG and YW were assessed, with the percentage change 
year-on-year indicated. CD4 descriptive statistics 
included the median and interquartile range (IQR). The 
data were analysed by age category, with the chi-squared 
test used to assess any significant associations for the CD4 
category, assuming an alpha of 0.05. For AG and YW, the 
percentage of specimens with a CD4 count ≤ 10 cells/µL, 
11 cells/µL – 29 cells/µL, 30  cells/µL – 49 cells/µL, 50 
cells/µL – 99 cells/µL and ≥ 100 cells/µL for each year 
was calculated nationally and at the provincial level. 
Logistic regression was applied to determine the risk 
factors associated with a CD4 < 100 cells/µL (binary 
dependent), controlling for age category as an independent 
variable using STATA. The baseline comparative group 
was the age category 23–24 years. The odds ratio (OR), 
95% confidence interval (CI) and P-value are reported. A 
P-value of < 0.05 indicated significant associations 
between the categorical variable of interest with CD4 
< 100 cells/µL.

Ethical considerations
Ethical clearance was obtained from the Human Research 
Ethics Committee (Medical) at the Faculty of Health Sciences, 
University of the Witwatersrand. The study approval number 
is M220163. As analyses only include secondary laboratory 
data, patient consent was not required. No patient identifiers 
were used for the study.

Results
Of all the CD4 testing done between 2017 and 2021, 1 199 010 
tests met the inclusion criteria for women aged 15 to 24 
years. Following the de-duplication of data, this equates to 
778 712 patients tested. Of all patients tested, 64.9% had one 
CD4 test during the test period, 21.5% had two tests, and 
8.4% had three (i.e., 94.9% accumulatively). CD4 and patient 
age reported a skewness of 0.78 and –0.70. Ethnicity was 
provided for only 101 680 (8.5%) of the specimens.

Decision tree analysis
Overall, AGYW had a median CD4 count of 485  cells/µL 
(Figure 1). Most of the testing was done in YW (74.9%) 
compared to AG (25.1%). A lower median of 470  cells/µL 
was reported for AG compared to 490 cells/µL for YW. For 
AG, 5.8% of specimens tested (n = 301  260) for CD4 had a 
count < 100 cells/µL (median: 37 cells/µL) compared to 5.1% 
for YW (n = 897 742) (median: 45 cells/µL). For AGYW with 
a count <  100  cells/µL, a median CD4 of 34  cells/µL was 
reported for the 15–17 age group, 40  cells/µL for the 
18–19-year-olds, 45  cells/µL for the 20–22-year-olds and 
46 cells/µL for the 23–24-year-olds.

Annual descriptive analysis
Test volumes for AGYW decreased from 287 410 to 189 533 
between 2017 and 2021 (Table 1). A year-on-year percentage 

AG, adolescent girls; YW, young women; NHLS, National Health Laboratory Service. 

FIGURE 1: Flow chart indicating the number of specimens with a CD4 count < 100 cells/µL with the median indicated for AG and YW in South Africa for calendar years 
2017 to 2021. The four age categories with median CD4 counts are indicated: (1) 15–17 years, (2) 18–19 years, (3) 20–22 years and (4) 23–24 years. Data is reported for 
public-sector testing by the NHLS, South Africa.

n = 22 263 (48.7%)
Median: 40 cells/μL

Yes

n = 8 327 (47.3%)
Median: 37 cells/μL

Yes

n = 9 285 (52.7%)
Median: 40 cells/μL

Yes

Adolescent girls (AG)
n = 301 260 (25.1%)
Median: 470 cells/μL

n = 17 612 (5.8%)
Median: 37 cells/μL

n = 45 685 (5.1%)
Median: 45 cells/μL

n = 23 422 (51.3%)
Median: 46 cells/μL

Age category
(15–17 years)

Age category
(18–19 years)

Age category
(20–22 years)

Age category
(23–24 years)

Young women (YW)
n = 897 742 (74.9%)
Median: 490 cells/μL

n = 283 656
(94.2%) No No

Yes

Yes

Yes

< 100 
cells/μL

< 100
cells/μL

n = 852 057
(94.9%)

CD4 samples (age 15–24 years) 
n = 1 119 010

Median: 485 cells/μL
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change of –15% was reported between 2019 and 2020. Overall, 
between 2017 and 2021, a percentage change of –34.1% was 
reported for AGYW. Between 5.1% and 5.4% of AGYW had a 
CD4 count of < 100 cells/µL. A median CD4 count of 475 cells/
µL was reported for 2017 compared to 497 cells/µL for 2021. 

For AG, testing decreased from 69  582 in 2017 to 50  330 by 
2021. A year-on-year annual percentage change of between 
2.4% (2019) and –14.8% (2020) was reported. Overall, AG 
reported a decrease of –27.7% between 2017 and 2021. The 
percentage of specimens with a CD4 count <  100  cells/µL 
ranged from 5.6% (2020) to 6.1% (2017). The median CD4 
ranged between 462 cells/µL in 2017 and 480 cells/µL by 2021. 

For a CD4 <  100  cells/µL, test volumes for YW decreased 
from 11 137 in 2017 to 7225 by 2021 (–36.1% overall reduction). 
Between 4.9% (2020) and 5.2% (2018) reported a count of 
< 100 cells/µL. The median CD4 increased from 479 cells/µL 
in 2017 to 503 cells/µL by 2021. 

Age category descriptive analysis
For AGYW, there were 10.7% tests performed for the 15–17 years 
age category, 14.4% for the 18–19-year-olds, 20–22 and 23–24 
years age categories, 38.2% for the 20–22-year-olds and 
36.7% for the 23–24-year-olds during the 2017 to 2021 period 
(Table 2). For the age categories listed, 6.5%, 5.4%, 4.9% and 
5.3% of specimens reported CD4 counts <  100  cells/µL, 
respectively. The median CD4 ranged from 469  cells/µL 
(18–19 years) to 494 cells/µL (23–34 years). A P-value of 
<  0.05 (chi-squared test) was reported for the association 
between the CD4 and age categories. 

National analysis of CD4 categories by year
For the period 2017 to 2021, the percentage of AG specimens 
with a CD4 category of <  10  cells/µL was 1.2%, 1.3% for 
11 cells/µL – 29 cells/µL, 1.0% for 30 cells/µL – 49 cells/µL 
and 2.3% for 50 cells/µL – 99 cells/µL (data not shown). In 
comparison, for YW, 0.8%, 1.0%, 0.9%, and 2.4% were 
reported for the CD4 categories as indicated.

For AG, a range of 93.9% (2017) to 94.4% (2020) had a CD4 
count ≥  100  cells/µL (Figure 2). In comparison, for YW, 
between 94.8% (2018) and 95.1% (2020) reported a count 
≥ 100 cells/µL. 

For the ≤  10  cells/µL category, a range of 1.1% – 1.3% was 
reported for AG compared to 0.8% – 0.9% for YW. For AG, a 
range of 1.3% – 1.4% was reported for ranges of 11 cells/µL – 
29 cells/µL, 0.9% – 1.1% for 30 cells/µL – 49 cells/µL, and 2.2% 
– 2.4% for 50 cells/µL – 99 cells/µL. Ranges of 1.0% – 1.1%, 
0.9% – 0.9% and 2.2% – 2.4% were reported for YW in the same 
CD4-range categories (Figure 2). 

Provincial analysis of very advanced HIV disease 
(CD4 < 100 cells/µL)
The provincial analysis revealed that for AG, between 
4.5% (KwaZulu-Natal) and 8.3% (Limpopo) reported a TA

BL
E 

1:
 A

nn
ua

l a
na

ly
sis

 o
f C

D4
 te

sti
ng

 p
er

fo
rm

ed
 fo

r A
G 

an
d 

YW
 fo

r c
al

en
da

r y
ea

rs
 2

01
7 

to
 2

02
1.

 
Ca

te
go

ry
20

17
20

18
20

19
20

20
20

21
n

%
M

ed
ia

n
IQ

R
n

%
M

ed
ia

n
IQ

R
n

%
M

ed
ia

n
IQ

R
n

%
M

ed
ia

n
IQ

R
n

%
M

ed
ia

n
IQ

R

AG
 a

nd
 Y

W
 

28
7 

41
0

22
.6

47
5

30
3–

67
1

25
4 

98
6

20
.1

48
6

30
8–

69
2

25
3 

36
8

19
.9

48
1

30
5–

68
5

21
3 

71
3

16
.8

49
3

31
5–

69
7

18
9 

53
3

14
.9

49
7

31
5–

70
8

%
 C

ha
ng

e 
fr

om
 p

re
ce

di
ng

 y
ea

r
-

-
-

-
-

-1
1.

3
-

-
-

-0
.6

-
-

-
-1

5.
7

-
-

-
-1

1.
3

-
-

< 
10

0 
ce

lls
/µ

L 
15

 3
80

5.
4

-
-

13
 6

31
5.

3
-

-
13

 3
78

5.
3

-
-

10
 8

29
5.

1
-

-
10

 0
79

5.
3

-
-

≥ 
10

0 
ce

lls
/µ

L 
27

2 
03

0
94

.6
-

-
24

1 
35

5
94

.7
-

-
23

9 
99

0
94

.7
-

-
20

2 
88

4
94

.9
-

-
17

9 
45

4
94

.7
-

-
AG

69
 5

82
24

.2
46

2
29

7–
65

9
58

 9
09

24
.5

47
0

29
9–

67
4

64
 1

20
25

.3
46

6
29

7–
66

6
54

 6
40

25
.6

47
4

30
5–

67
2

50
 3

30
26

.6
48

0
31

0–
68

2
%

 C
ha

ng
e 

fr
om

 p
re

ce
di

ng
 y

ea
r

-
-

-
-

-
-1

0.
0

-
-

-
2.

4
-

-
-

-1
4.

8
-

-
-

-7
.9

-
-

< 
10

0 
ce

lls
/µ

L 
42

43
6.

1
-

-
36

87
5.

9
-

-
37

83
5.

9
-

-
30

45
5.

6
-

-
28

54
5.

7
-

-
≥ 

10
0 

ce
lls

/µ
L 

65
 3

39
93

.9
-

-
58

 9
09

94
.1

-
-

60
 3

37
94

.1
-

-
51

 5
95

94
.4

-
-

47
 4

76
94

.3
-

-
YW

21
7 

82
8

75
.8

47
9

30
6–

67
5

19
2 

39
0

75
.5

49
1

31
1–

69
8

18
9 

24
8

74
.7

48
6

30
8–

69
2

15
9 

07
3

74
.4

50
0

31
9–

70
5

13
9 

20
3

73
.4

50
3

31
7–

71
7

%
 C

ha
ng

e 
fr

om
 p

re
ce

di
ng

 y
ea

r
-

-
-

-
-

-1
1.

7
-

-
-

-1
.6

-
-

-
-1

5.
9

-
-

-
-1

2.
5

-
-

< 
10

0 
ce

lls
/µ

L 
11

 1
37

5.
1

-
-

99
44

5.
2

-
-

95
95

5.
1

-
-

77
84

4.
9

-
-

72
25

5.
2

-
-

≥ 
10

0 
ce

lls
/µ

L 
20

6 
69

1
94

.9
-

-
18

2 
44

6
94

.8
-

-
17

9 
65

3
94

.9
-

-
15

1 
28

9
95

.1
-

-
13

1 
97

8
94

.8
-

-

N
ot

e:
 A

G 
w

as
 d

efi
ne

d 
as

 a
ge

s 1
5–

19
 y

ea
rs

 c
om

pa
re

d 
to

 2
0–

24
 y

ea
rs

 fo
r Y

W
. C

D4
 te

st
 v

ol
um

es
 a

re
 re

po
rt

ed
 fo

r c
at

eg
or

ie
s <

 1
00

 c
el

ls/
µL

 a
nd

 ≥
 1

00
 c

el
ls/

µL
. D

es
cr

ip
tiv

e 
st

ati
sti

cs
 (m

ed
ia

n 
an

d 
in

te
rq

ua
rti

le
 ra

ng
e)

 a
re

 re
po

rt
ed

 fo
r e

ac
h 

ye
ar

. T
he

 y
ea

r-o
n-

ye
ar

 p
er

ce
nt

ag
e 

ch
an

ge
 in

 te
st

 v
ol

um
es

 fo
r A

G 
an

d 
YW

 is
 a

lso
 re

po
rt

ed
. D

at
a 

ar
e 

re
po

rt
ed

 fo
r p

ub
lic

-s
ec

to
r t

es
tin

g 
by

 th
e 

N
HL

S,
 S

ou
th

 A
fr

ic
a.

AG
, a

do
le

sc
en

t g
irl

s;
 Y

W
, y

ou
ng

 w
om

en
; N

HL
S,

 N
ati

on
al

 H
ea

lth
 L

ab
or

at
or

y 
Se

rv
ic

e.

http://www.sajhivmed.org.za


Page 5 of 8 Original Research

http://www.sajhivmed.org.za Open Access

count < 100 cells/µL. Between 3.6% (KwaZulu-Natal) and 
6.3% (Northern Cape) of YW had a count < 100 cells/µL 
(Figure 3). Nationally, 5.3% of AGYW reported a CD4 
count < 100 cells/µL. Two provinces, KwaZulu-Natal 
(4.5%) and the Western Cape (4.7%), reported ≤ 5.3% of AG 
with a count < 100 cells/µL. The percentage of specimens 
with a count < 100 cells/µL below the national value of 
5.3% for YW was only reported for KwaZulu-Natal (3.6%).

Association between a CD4 count < 100 cells/µL 
and age category
For the 15–17 years age category, an odds ratio of 1.24 (CI: 
1.21–1.27) was reported, 1.00 (CI: 0.98–1.03) for 18–19-year-olds 
and 1.90 (CI: 0.89–0.92) for 20–22-year-olds (Table 3). These 
results indicate that the 15–17 years age group is 24% more 
likely to have a CD4 < 100 cells/µL (significance, P ≤ 0.0001). In 
comparison, the 20–22 years age group is 10% less likely to 
have a CD4 count < 100 cells/µL (significance, P ≤ 0.0001). No 
significant difference was noted for the 18–19 years age group 
when compared to the 23–24 years age group (P = 0.693).

Discussion
The proportion of specimens with very advanced HIV 
disease was highest for those aged 15 to 17 years, despite 

TABLE 2: The CD4 test volumes for AG and YW are reported for each age category. 
Category Test volumes < 100 cells/µL ≥ 100 cells/µL Median IQR P

n % n % n %
Age category ≤ 0.001
15–17 years 128 479 10.7 8327 6.5 120 152 93.5 471 297–673
18–19 years 172 789 14.4 9285 5.4 163 504 94.6 469 303–668
20–22 years 457 792 38.2 22 263 4.9 435 529 95.1 487 313–689
23–24 years 439 950 36.7 23 422 5.3 416 528 94.7 494 310–701

Note: The data were also categorised as < 100 cells/µL and ≥ 100 cells/µL. The median CD4 and IQR are also reported. The chi-squared test was used to evaluate the association between age and 
the CD4 category. Data are reported for public-sector testing between calendar years 2017 to 2021, performed by the NHLS, South Africa.
AG, adolescent girls; YW, young women; NHLS, National Health Laboratory Service; IQR, interquartile range.

AG, adolescent girls; YW, young women; NHLS, National Health Laboratory Service.

FIGURE 2: National analysis of the percentage of CD4 specimens with a count ≤ 10 cells/µL, 11 cells/µL – 29 cells/µL, 30 cells/µL – 49 cells/µL, 50 cells/µL – 99 cells/µL and 
≥ 100 cells/µL by calendar year for AG and YW between 2017 and 2021. AG was defined as ages 15–19 years compared to 20–24 for YW. The ≥ 100 cells/µL category is 
reported on the secondary y-axis. Data are reported for public-sector testing by the NHLS, South Africa. 
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FIGURE 3: Provincial analysis of the percentage of CD4 specimens with a count 
≤  100  cells/µL for AG and YW for the period from 2017 to 2021. Data are 
reported for public-sector testing by the NHLS, South Africa.
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TABLE 3: Logistic regression to assess the association between specimens with a 
CD4 < 100 cells/µL (dependent binary variable) and age category (independent 
variables) between 2017 and 2021. 
Characteristic OR 95% CI P

Age category
15–17 years 1.24 1.21–1.27 < 0.0001
18–19 years 1.00 0.98–1.03 0.693
20–22 years 0.90 0.89–0.92 < 0.0001
23–24 years 1.00 - -

Note: Data are reported for public-sector testing for AG and YW by the NHLS, South Africa.
For the logistic regression, the OR, 95% CI and P-value were reported. An alpha of 0.05 was 
assumed.
OR, odds ratio; 95% CI, 95% confidence interval; AG, adolescent girls; YW, young women; 
NHLS, National Health Laboratory Service.
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reporting a higher median CD4. Overall, for AGYW, levels of 
very advanced HIV disease remained above 5% between 
2017 and 2021, despite significant changes in test volumes. 
The decrease in test volumes may be due in part to guideline 
changes,7 and the impact of coronavirus disease 2019 
(COVID-19).10,25 Any proportion of AGYW presenting late for 
care is of extreme concern where vertical transmission rates 
are  as low as 3.51%.8 At the national level, the proportion of 
specimens (the vast majority adults of 18 years and 
older)  representing very advanced HIV disease was 11.5% 
(2018), 11.4% (2019), 10.8% (2020) and 10.8% (2021) (data 
not  shown).18,26,27 However, lower levels of very advanced 
HIV in  AGYW compared to national data suggest that 
enhanced  focus on this group may lead to early diagnosis 
and treatment.18,26,27,28 

This study reveals high rates of very advanced HIV disease, 
suggesting HIV seroconversion in much younger girls, 
especially worrying bearing in mind the trajectory of HIV 
disease progression.29,30 It has been reported that AGYW are 
at the epicentre of the HIV epidemic in southern Africa, 
contributing a disproportionate ~30% of new infections and 
seroconverting between 5 and 7 years earlier than their male 
peers.31 Evidence-based specific healthcare interventions for 
AGYW, such as the determined, resilient, empowered, AIDS-
free, mentored and safe (DREAMS [determined, resilient, 
empowered, AIDS-free, mentored and safe]) initiative, aim to 
reduce new HIV infections by empowering AGYW to reduce 
their risk, strengthen families, mobilise communities for 
change and reduce the risk in men who are likely to be their 
male sex partners.32,33 The goals of the DREAMS initiative are 
to ensure that AGYW have access to prevention technologies 
and strategies, and the opportunity to complete high school 
and graduate HIV-negative and without pregnancies.32,34 This 
approach should hopefully address AGYW at the highest risk 
of HIV acquisition through political commitment, leadership, 
financial and human resource investments, advocacy efforts, 
and a focus on the highest priority settings.10 Based on our 
findings, these interventions should be focussed on those aged 
15–17 years who were more likely to have very advanced 
HIV disease. However, prevention intervention should be 
targeted at earlier age groups with very advanced HIV 
disease. 

A myriad of factors are associated with HIV infection 
vulnerability among AGYW.32 Recent systematic reviews cite 
a history of sexually transmitted infections, alcohol use, 
multiple partners, early marriage, being out of school, 
inconsistent condom use and engaging in transactional sex32 

where AGYW primarily acquire infections from older HIV-
positive men (20s and early 30s).10 It has been reported by 
Karim et al. that AGYW have the least power in society, and 
bear an enormous burden of both intimate partner violence 
(IPV) and HIV.35 A key intervention to reduce gender-based 
violence (GBV) is primary and secondary education of 
AGYW.35,36 This may reduce rates of HIV infection, delay 
childbearing, lower infant and maternal mortality rates, and 
improve other development outcomes.35,37 Bearing the 

disparity in HIV prevalence between AGYW (9.1%) and 
young men (3.0%) in mind, it appears that GBV and IPV are 
important drivers of HIV transmission for AGYW and 
unintended pregnancies.38 However, there is an interplay of 
psychosocial gender-power disparities and socioeconomic 
and other social anomalies which lead to vulnerability in 
women in Africa.10 

The provincial data revealed similar outcomes to national 
data. For AG, higher levels of very advanced HIV disease in 
the Free State, Gauteng and Limpopo provinces (above 7%) is 
a concern. Similarly, over 6% of testing for YW reported CD4 
counts <  100  cells/µL in the Free State, Gauteng, Northern 
Cape and Western Cape provinces. These findings indicate 
provincial disparities in levels of very advanced HIV disease 
in YW. This is similar to findings reported by two separate 
local studies assessing late presentation.13,28 A local study 
reported that the coverage of prevention of mother-to-child 
transmission ART (dual prophylaxis or nevirapine at birth) 
ranged from 63.9 (Eastern Cape) to 87.4% in KwaZulu-Natal.39 

Our data showed a correlation between very advanced disease 
in AG in Limpopo and Mpumalanga provinces with mother-
to-child-transmission data.39 For YW, a correlation was found 
for Eastern Cape, Limpopo and Mpumalanga provinces.39 

To understand why AGYW are presenting late for HIV care, 
further analysis is required at the health district and sub-
district levels.40 This would include integrating clinical and 
laboratory aggregate findings to clearly understand why and 
where late presentation for AGYW persists. Unfortunately, 
without matching clinical data it is not possible to assess 
access to care and longitudinal follow-up. The integration of 
clinical and laboratory data would be critical to developing 
longitudinal cohorts and providing outcomes to laboratory 
data. Once a clearer understanding is obtained from the data 
analysis, policymakers can develop and implement focussed 
programmatic interventions. 

Limitations
The study used laboratory data to assess very late 
presentation in AGYW. Due to the absence of matching 
clinical data, it is not possible to determine whether CD4 
testing was performed for baseline clinical/laboratory 
evaluation before ART.7 It is not possible to determine 
whether CD4 testing was performed for AGYW on ART. 

The study findings reveal that testing specifically for AGYW 
decreased year-on-year since 2017, with reductions of up to 
15.7% reported between years. In comparison, for national 
CD4 data (all ages), a percentage reduction of between 5% and 
8% annually is noted (data not shown). The change in 
HIV guidelines, that is, universal test and treat, is one of the 
contributing factors to the annual decrease in CD4 test 
volumes. Comparative results spanning across 10 years of 
CD4 testing (2012 to 2022) indicate that the percentage of 
15–24-year-old  women’s contribution to total CD4 tests has 
not changed significantly (< 2%) over time (data in preparation 
for publication). As a response to limit the spread of severe 
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acute  respiratory syndrome coronavirus 2 infections, the 
implementation of social distancing and lockdown measures 
in 2020 led to restrictions in healthcare accessibility and may 
have contributed to the declines seen from 2020 but was not a 
contributor to prior yearly declines. Mid-year population 
estimated between 2017 and 2021 indicated a decrease of 6.3% 
reported for AG compared to 6.7% for YW (data not shown).41 

However, study findings of year-on-year decreases in testing 
for AGYW do not match the reported decrease in population 
estimates,41 that is, between 2019 and 2020, a 15.7% testing 
reduction was reported for AGYW compared to a 0.2% 
reduction for mid-year population estimates.41 Possible 
contributing factors to the steady yearly decline could relate to 
the non-youth-friendly perception of healthcare facilities and 
healthcare worker biases regarding the provision of sexual 
health services to AGYW.31,42 Data are also not available to 
assess whether AGYW were on treatment and whether any 
programmatic interventions had taken place. This would 
require the integration of clinical and laboratory data systems 
not currently in place in South Africa.43,44,45 

An important limitation is that some of the AGYW presenting 
with very advanced HIV disease were infected at birth (vertical 
transmission).46 National and provincial representative 
surveys in South Africa have reported a reduction of the 
vertical transmission of HIV from >  25% in the absence of 
vertical transmission prevention interventions to 2.6% by 
2012–2013.46 Unfortunately, data for mothers who present for 
delivery without having accessed antenatal/prenatal care are 
not available. Although the probabilistic matching algorithm 
was used, we would require earlier data to conduct a first-ever 
CD4 analysis, which is out of the scope of this study. Work is 
underway to develop an extended HIV cohort algorithm that 
would make it possible to analyse first-ever CD4 trends. This 
may help to identify vertical transmission (using HIV DNA 
polymerase chain reaction testing), with follow-up CD4 testing 
when the AGYW present for pre-ART HIV care.

One of the limitations of this study is that it only reported 
the immunological status of AGYW presenting for CD4 
testing. Correlating their immune status to their clinical 
staging was out of the scope of this study. Data analysis was 
further subject to the accuracy of patient age captured on the 
request form by the healthcare worker and laboratory clerk.

Conclusion
This study demonstrates the value of utilising secondary 
laboratory data (stratified by age and gender) to identify 
potential weaknesses in the healthcare of individuals with 
very advanced HIV disease. This data have made it possible 
to describe unacceptable levels of very advanced HIV disease 
in sub-populations such as AGYW. The provincial disparity 
of very advanced HIV disease for AGYW indicates that 
further analysis is required with clinical data to elucidate 
where interventions are required. It is important to focus on 
interventions that ensure that AGYW have access to 
appropriate healthcare services, prevention technologies and 
strategies, and complete high school and graduate  

HIV-negative.32 The integration of clinical and laboratory 
data would be critical to develop longitudinal cohorts and 
provide outcomes to laboratory data.

Acknowledgements
The authors would like to thank the Corporate Data 
Warehouse and staff at the National Priority Programme unit 
for their assistance.

Competing interests
The authors declare that they have no financial or personal 
relationships that may have inappropriately influenced them 
in writing this article.

Authors’ contributions
W.S.S., D.K.G. and M.P.d.S. supervised the study by 
providing leadership and oversight. N.C. designed the study, 
prepared the data, conducted the data analysis and prepared 
the maps. All authors developed the methodology. L.-M.C., 
M.P.d.S., D.K.G. and W.S.S. provided editorial comments 
and technical input. All authors contributed to the manuscript 
development.

Funding information
This study was supported by the Wits Diagnostic Innovation 
Hub.

Data availability
The authors do not have permission to share the data that 
support the findings of this study that were obtained from 
the National Health Laboratory Service Corporate Data 
Warehouse.

Disclaimer
The authors declare that the views expressed in the 
submitted article are our own and not the official position 
of any institution or funder.

References
1.	 The Joint United Nations Programme on HIV/AIDS (UNAIDS). Global HIV & AIDS 

statistics – Fact sheet 2021 [homepage on the Internet]. [cited 2022 Nov 15]. 
Available from: https://www.unaids.org/en/resources/fact-sheet

2.	 The Joint United Nations Programme on HIV/AIDS (UNAIDS). UNAIDS data 
[homepage on the Internet]. Geneva: The Joint United Nations Programme on 
HIV/AIDS (UNAIDS); 2021 [cited 2022 Aug 31]. Available from: https://www.
unaids.org/sites/default/files/media_asset/JC3032_AIDS_Data_book_2021_
En.pdf

3.	 The Joint United Nations Programme on HIV/AIDS (UNAIDS). Global AIDS update. In: 
Danger [homepage on the Internet]. Geneva: The Joint United Nations Programme 
on HIV/AIDS (UNAIDS); 2022 [cited 2022 Aug 31]. Available from: https://www.
unaids.org/sites/default/files/media_asset/2022-global-aids-update_en.pdf 

4.	 The Joint United Nations Programme on HIV/AIDS (UNAIDS). Women and HIV: A 
spotlight on adolescent girls and young women [homepage on the Internet]. 
Geneva: The Joint United Nations Programme on HIV/AIDS (UNAIDS); 2019 [cited 
2020 Jan 14]. Available from: https://www.unaids.org/sites/default/files/media_
asset/2019_women-and-hiv_en.pdf

5.	 The Joint United Nations Programme on HIV/AIDS (UNAIDS). Country factsheets: 
South Africa [homepage on the Internet]. Geneva: The Joint United Nations 
Programme on HIV/AIDS (UNAIDS); 2018 [cited 2020 Jan 14]. Available from: 
https://www.unaids.org/en/regionscountries/countries/southafrica

http://www.sajhivmed.org.za
https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/sites/default/files/media_asset/JC3032_AIDS_Data_book_2021_En.pdf
https://www.unaids.org/sites/default/files/media_asset/JC3032_AIDS_Data_book_2021_En.pdf
https://www.unaids.org/sites/default/files/media_asset/JC3032_AIDS_Data_book_2021_En.pdf
https://www.unaids.org/sites/default/files/media_asset/2022-global-aids-update_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2022-global-aids-update_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2019_women-and-hiv_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2019_women-and-hiv_en.pdf
https://www.unaids.org/en/regionscountries/countries/southafrica


Page 8 of 8 Original Research

http://www.sajhivmed.org.za Open Access

6.	 The Joint United Nations Programme on HIV/AIDS (UNAIDS). Country factsheets: 
South Africa [homepage on the Internet]. Geneva: The Joint United Nations 
Programme on HIV/AIDS (UNAIDS); 2022 [cited 2022 Aug 31]. Available from: 
https://www.unaids.org/en/regionscountries/countries/southafrica

7.	 National Department of Health (NDoH). 2019 ART clinical guidelines for the 
management of HIV in adults, pregnancy, adolescents, children, infants and 
neonates [homepage on the Internet]. 2019 [cited 2022 Dec 05]. Available from: 
https://www.health.gov.za/wp-content/uploads/2020/11/2019-art-guideline.pdf

8.	 The Joint United Nations Programme on HIV/AIDS (UNAIDS). Country factsheets: 
South Africa [homepage on the Internet]. 2021 [cited 2023 Feb 15]. Available 
from: https://www.unaids.org/en/regionscountries/countries/southafrica 

9.	 Birdthistle I, Tanton C, Tomita A, et al. Recent levels and trends in HIV incidence 
rates among adolescent girls and young women in ten high-prevalence African 
countries: A systematic review and meta-analysis. Lancet Glob Health. 
2019;7(11):e1521–e1540. https://doi.org/10.1016/S2214-109X(19)30410-3

10.	 Karim SSA, Baxter C. HIV incidence rates in adolescent girls and young women in 
sub-Saharan Africa. Lancet Glob Health. 2019;7(11):e1470–e1471. https://doi.
org/10.1016/S2214-109X(19)30404-8

11.	 De Oliveira T, Kharsany AB, Gräf T, et al. Transmission networks and risk of HIV 
infection in KwaZulu-Natal, South Africa: A community-wide phylogenetic study. 
Lancet HIV. 2017;4(1):e41–e50. https://doi.org/10.1016/s2352-3018(16)30186-2

12.	 Glencross DK, Cassim N, Coetzee LM. Documented higher burden of advanced 
and very advanced HIV disease among patients, especially men, accessing 
healthcare in a rapidly growing economic and industrial hub in South Africa: A call 
to action. S Afr Med J. 2020;110(6):505–513. https://doi.org/10.7196/SAMJ.2020.
v110i6.14352

13.	 Carmona S, Bor J, Nattey C, et al. Persistent high burden of advanced HIV disease 
among patients seeking care in South Africa’s national HIV program: Data from a 
nationwide laboratory cohort. Clin Infect Dis. 2018;66(suppl_2):S111–S117. 
https://doi.org/10.1093/cid/ciy045

14.	 Fomundam HN, Tesfay AR, Mushipe SA, et al. Prevalence and predictors of late 
presentation for HIV care in South Africa. S Afr Med J. 2017;107(12):1058–1064. 
https://doi.org/10.7196/SAMJ.2017.v107i12.12358

15.	 World Health Organisation (WHO). Consolidated guidelines on HIV prevention, 
testing, treatment, service delivery and monitoring: Recommendations for a 
public health approach [homepage on the Internet]. 2021 [cited 2022 Aug 31]. 
Available from: https://www.who.int/publications/i/item/9789240031593

16.	 Cassim N, Coetzee LM, Glencross DK. Assessing late presentation for female 
adolescents and young women with HIV in 2019, South Africa. Eur J Public Health. 
2020;30(Supplement_5):ckaa166.893. https://doi.org/10.1093/eurpub/ckaa166.893

17.	 Barron P, Subedar H, Letsoko M, Makua M, Pillay Y. Teenage births and pregnancies 
in South Africa, 2017–2021 – A reflection of a troubled country: Analysis of public 
sector data. S Afr Med J. 2022;112(4):252–258. https://doi.org/10.7196/
SAMJ.2022.v112i4.16327

18.	 National Health Laboratory Service (NHLS). National Health Laboratory Service 
(NHLS): Annual Report 2018/19 [homepage on the Internet]. Johannesburg: 
National Health Laboratory Service (NHLS); 2019 [cited 2020 Apr 14].  
Available from: https://www.nhls.ac.za/wp-content/uploads/2019/11/NHLS_
Annual_Report_2019.pdf 

19.	 Glencross DK, Coetzee LM, Cassim N. An Integrated Tiered Service Delivery Model 
(ITSDM) based on local CD4 testing demands can improve turn-around times and 
save costs whilst ensuring accessible and scalable CD4 services across a national 
programme. PLoS One. 2014;9(12):e114727. https://doi.org/10.1371/journal.
pone.0114727

20.	 Cassim N, Smith H, Coetzee LM, Glencross DK. Programmatic implications of 
implementing the relational algebraic capacitated location (RACL) algorithm 
outcomes on the allocation of laboratory sites, test volumes, platform distribution 
and space requirements. Afr J Lab Med. 2017;6(1):545. https://doi.org/10.4102/
ajlm.v6i1.545

21.	 Bor J, MacLeod W, Oleinik K, et al. Building a national HIV cohort from routine 
laboratory data: Probabilistic record-linkage with graphs. bioRxiv. Preprint 
2018:450304. https://doi.org/10.1101/450304

22.	 Haeri Mazanderani A, Sherman GG, Moyo F, Goga AE, Feucht U. Leveraging the 
Road to Health booklet as a unique patient identifier to monitor the prevention of 
mother-to-child transmission programme. S Afr Med J. 2018;108(9):729–733. 
https://doi.org/10.7196/SAMJ.2018.v108i9.13093

23.	 Bassett IV, Huang M, Cloete C, et al. Assessing the completeness and accuracy of 
South African National Laboratory CD4 and viral load data: A cross-sectional study. 
BMJ Open. 2018;8(8):e021506. https://doi.org/10.1136/bmjopen-2018-021506

24.	 Cohen L. The use and impacts of a Corporate Data Warehouse: The case of the 
national health laboratory service [Dissertation]. Johannesburg: University of the 
Witwatersrand; 2018.

25.	 Madhi SA, Gray GE, Ismail N, et al. COVID-19 lockdowns in low- and middle-
income countries: Success against COVID-19 at the price of greater costs. S Afr 
Med J. 2020;110(8):724–726. https://doi.org/10.7196/SAMJ.2020.v110i8.15055

26.	 National Health Laboratory Service (NHLS). National Health Laboratory Service 
(NHLS): Annual Report 2020/21 [homepage on the Internet]. [cited 2023 May 29]. 
Johannesburg: National Health Laboratory Service (NHLS); 2021. Available from: 
https://www.nhls.ac.za/wp-content/uploads/2021/11/NHLS_ANNUAL_
REPORT_2020-21.pdf

27.	 National Health Laboratory Service (NHLS). National Health Laboratory Service 
(NHLS): Annual Report 2021/22 [homepage on the Internet]. [cited 2023 May 29]. 
Johannesburg: National Health Laboratory Service (NHLS); 2022. Available from: 
https://www.nhls.ac.za/wp-content/uploads/2022/10/NHLS_AR_2022_web_
version.pdf

28.	 Coetzee LM, Cassim N, Glencross DK. Analysis of HIV disease burden by calculating 
the percentages of patients with CD4 counts <100 cells/µL across 52 districts 
reveals hot spots for intensified commitment to programmatic support. S Afr Med 
J. 2017;107(6):507–513. https://doi.org/10.7196/SAMJ.2017.v107i6.11311

29.	 Jaffar S, Grant AD, Whitworth J, Smith PG, Whittle H. The natural history of HIV-1 
and HIV-2 infections in adults in Africa: A literature review. Bull World Health 
Organ. 2004;82(6):462–469. 

30.	 Karim SSA, Karim QA. HIV/AIDS in South Africa. 2nd ed. Cambridge: Cambridge 
University Press; 2010.

31.	 Dellar RC, Dlamini S, Karim QA. Adolescent girls and young women: Key 
populations for HIV epidemic control. J Int AIDS Soc. 2015;18(2S1):19408. https://
doi.org/10.7448/IAS.18.2.19408

32.	 Saul J, Bachman G, Allen S, Toiv NF, Cooney C, Beamon TA. The DREAMS core 
package of interventions: A comprehensive approach to preventing HIV among 
adolescent girls and young women. PLoS One. 2018;13(12):e0208167. https://
doi.org/10.1371/journal.pone.0208167

33.	 Patel P, Sato K, Bhandari N, et al. From policy to practice: Uptake of pre-exposure 
prophylaxis among adolescent girls and young women in United States President’s 
Emergency Plan for AIDS relief-supported countries, 2017–2020. AIDS. 
2022;36(Suppl 1):S15–S26. https://doi.org/10.1097/qad.0000000000003103

34.	 Abdool Karim Q, Baxter C, Birx D. Prevention of HIV in adolescent girls and young 
women: Key to an AIDS-free generation. J Acquir Immune Defic Syndr. 
2017;75:S17–S26. https://doi.org/10.1097/qai.0000000000001316

35.	 Karim QA, Baxter C. The dual burden of gender-based violence and HIV in 
adolescent girls and young women in South Africa: Guest editorial. S Afr Med J. 
2016;106(12):1151–1153. https://doi.org/10.7196/SAMJ.2016.v106i12.12126

36.	 Garcia-Moreno C, Zimmerman C, et al. Addressing violence against women: A call 
to action. Lancet. 2015;385(9978):1685–1695. https://doi.org/10.1016/S0140-
6736(14)61830-4

37.	 De Neve JW, Fink G, Subramanian SV, Moyo S, Bor J. Length of secondary schooling 
and risk of HIV infection in Botswana: Evidence from a natural experiment. Lancet 
Glob Health. 2015;3(8):e470–e477. https://doi.org/10.1016/S2214-109X(15)00087-X

38.	 Ajayi AI, Ezegbe HC. Association between sexual violence and unintended 
pregnancy among adolescent girls and young women in South Africa. BMC Public 
Health. 2020;20(1):1370. https://doi.org/10.1186/s12889-020-09488-6

39.	 Woldesenbet SA, Jackson DJ, Lombard CJ, et al. Structural level differences in the 
mother-to-child HIV transmission rate in South Africa: A multilevel assessment of 
individual-, health facility-, and provincial-level predictors of infant HIV 
transmission. J Acquir Immune Defic Syndr. 2017;74(5):523–530. https://doi.
org/10.1097/QAI.0000000000001289

40.	 Sogbanmu OO, Goon DT, Obi LC, et al. Socio-demographic and clinical 
determinants of late presentation among patients newly diagnosed with HIV in 
the Eastern Cape, South Africa. Medicine (Baltimore). 2019;98(8):e14664. https://
doi.org/10.1097/md.0000000000014664

41.	 Statistics South Africa (Stats SA). P0302 – Mid-year population estimates 
[homepage on the Internet]. 2022 [cited 2022 Dec 01]. Available from: https://
www.statssa.gov.za/publications/P0302/P03022022.pdf

42.	 Pilgrim N, Jani N, Mathur S, et al. Provider perspectives on PrEP for adolescent 
girls and young women in Tanzania: The role of provider biases and quality of care. 
PLoS One. 2018;13(4):e0196280. https://doi.org/10.1371/journal.pone.0196280

43.	 Osler M, Hilderbrand K, Hennessey C, et al. A three-tier framework for monitoring 
antiretroviral therapy in high HIV burden settings. J Int AIDS Soc. 2014;17(1):18908. 
https://doi.org/10.7448/IAS.17.1.18908

44.	 Stevens WS, Cunningham B, Cassim N, Gous N, Scott LE. Cloud-based surveillance, 
connectivity, and distribution of the GeneXpert analyzers for diagnosis of tuberculosis 
(TB) and multiple-drug-resistant TB in South Africa  In: Persing DH, Tenover FC, Hayden 
RT, Leven M, Miller MB, Nolte FS, et al., editors. Molecular Microbiology. Washingon, 
DC: ASM Press; 2016. pp. 707–18.

45.	 Wolmarans M, Solomon W, Tanna G, et al. eHealth Programme reference 
implementation in primary health care facilities. S Afr Health Rev. 
2014;2014/2015(1):35–43. https://doi.org/10.10520/EJC189298

46.	 Goga A, Singh Y, Jackson D, et al. How are countries in sub-Saharan African 
monitoring the impact of programmes to prevent vertical transmission of HIV? 
BMJ. 2019;364:l660. https://doi.org/10.1136/bmj.l660

http://www.sajhivmed.org.za
https://www.unaids.org/en/regionscountries/countries/southafrica
https://www.health.gov.za/wp-content/uploads/2020/11/2019-art-guideline.pdf
https://www.unaids.org/en/regionscountries/countries/southafrica
https://doi.org/10.1016/S2214-109X(19)30410-3
https://doi.org/10.1016/S2214-109X(19)30404-8
https://doi.org/10.1016/S2214-109X(19)30404-8
https://doi.org/10.1016/s2352-3018(16)30186-2
https://doi.org/10.7196/SAMJ.2020.v110i6.14352
https://doi.org/10.7196/SAMJ.2020.v110i6.14352
https://doi.org/10.1093/cid/ciy045
https://doi.org/10.7196/SAMJ.2017.v107i12.12358
https://www.who.int/publications/i/item/9789240031593
https://doi.org/10.1093/eurpub/ckaa166.893
https://doi.org/10.7196/SAMJ.2022.v112i4.16327
https://doi.org/10.7196/SAMJ.2022.v112i4.16327
https://www.nhls.ac.za/wp-content/uploads/2019/11/NHLS_Annual_Report_2019.pdf
https://www.nhls.ac.za/wp-content/uploads/2019/11/NHLS_Annual_Report_2019.pdf
https://doi.org/10.1371/journal.pone.0114727
https://doi.org/10.1371/journal.pone.0114727
https://doi.org/10.4102/ajlm.v6i1.545
https://doi.org/10.4102/ajlm.v6i1.545
https://doi.org/10.1101/450304
https://doi.org/10.7196/SAMJ.2018.v108i9.13093
https://doi.org/10.1136/bmjopen-2018-021506
https://doi.org/10.7196/SAMJ.2020.v110i8.15055
https://www.nhls.ac.za/wp-content/uploads/2021/11/NHLS_ANNUAL_REPORT_2020-21.pdf
https://www.nhls.ac.za/wp-content/uploads/2021/11/NHLS_ANNUAL_REPORT_2020-21.pdf
https://www.nhls.ac.za/wp-content/uploads/2022/10/NHLS_AR_2022_web_version.pdf
https://www.nhls.ac.za/wp-content/uploads/2022/10/NHLS_AR_2022_web_version.pdf
https://doi.org/10.7196/SAMJ.2017.v107i6.11311
https://doi.org/10.7448/IAS.18.2.19408
https://doi.org/10.7448/IAS.18.2.19408
https://doi.org/10.1371/journal.pone.0208167
https://doi.org/10.1371/journal.pone.0208167
https://doi.org/10.1097/qad.0000000000003103
https://doi.org/10.1097/qai.0000000000001316
https://doi.org/10.7196/SAMJ.2016.v106i12.12126
https://doi.org/10.1016/S0140-6736(14)61830-4
https://doi.org/10.1016/S0140-6736(14)61830-4
https://doi.org/10.1016/S2214-109X(15)00087-X
https://doi.org/10.1186/s12889-020-09488-6
https://doi.org/10.1097/QAI.0000000000001289
https://doi.org/10.1097/QAI.0000000000001289
https://doi.org/10.1097/md.0000000000014664
https://doi.org/10.1097/md.0000000000014664
https://www.statssa.gov.za/publications/P0302/P03022022.pdf
https://www.statssa.gov.za/publications/P0302/P03022022.pdf
https://doi.org/10.1371/journal.pone.0196280
https://doi.org/10.7448/IAS.17.1.18908
https://doi.org/10.10520/EJC189298
https://doi.org/10.1136/bmj.l660

	Assessing very advanced HIV disease in adolescent girls and young women
	Introduction
	Methodology
	Context
	Study design
	Data preparation
	Statistical analysis
	Ethical considerations

	Results
	Decision tree analysis
	Annual descriptive analysis
	Age category descriptive analysis
	National analysis of CD4 categories by year
	Provincial analysis of very advanced HIV disease (CD4 < 100 cells/µL)
	Association between a CD4 count < 100 cells/µL and age category

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Figures
	FIGURE 1: Flow chart indicating the number of specimens with a CD4 count < 100  cells/μL with the median indicated for AG and YW in South Africa for calendar years 2017 to 2021. The four age categories with median CD4 counts are indicated: (1) 15–17 years, (2) 18–19 years, (3) 20–22 years and (4) 23–24 years. Data is reported for public-sector testing by the NHLS, South Africa.
	FIGURE 2: National analysis of the percentage of CD4 specimens with a count ≤ 10  cells/μL, 11  cells/μL – 29  cells/μL, 30  cells/μL – 49  cells/μL, 50  cells/μL – 99  cells/μL and ≥ 100  cells/μL by calendar year for AG and YW between 2017 and 2021. AG was defined as ages 15–19 years compared to 20–24 for YW. The ≥ 100  cells/μL category is reported on the secondary y-axis. Data are reported for public-sector testing by the NHLS, South Africa.
	FIGURE 3: Provincial analysis of the percentage of CD4 specimens with a count ≤ 100  cells/μL for AG and YW for the period from 2017 to 2021. Data are reported for public-sector testing by the NHLS, South Africa.

	Tables
	TABLE 1: Annual analysis of CD4 testing performed for AG and YW for calendar years 2017 to 2021. 
	TABLE 2: The CD4 test volumes for AG and YW are reported for each age category. 
	TABLE 3: Logistic regression to assess the association between specimens with a CD4 < 100  cells/μL (dependent binary variable) and age category (independent variables) between 2017 and 2021.



